Introduction
============

Hepatitis B is a worldwide major infectious disease, mainly caused by hepatitis B virus (HBV) infection and manifested as liver damage ([@b1-ol-0-0-9669]). Previous findings have shown that there are approximately 400 million HBsAg-positive individuals in the world, of which China is a country with a high incidence of HBV, and approximately 120 million individuals are affected ([@b2-ol-0-0-9669]). Many liver cancers are associated with HBV infection. HBV enters the hepatocytes and destroys the DNA in the hepatocytes, causing cirrhosis of the liver and developing into liver cancer ([@b3-ol-0-0-9669]). Some studies have shown that the incidence of HBV-related liver cancer is approximately 80% of the incidence of liver cancer ([@b4-ol-0-0-9669]). Domestic and foreign scholars have conducted extensive and in-depth research on liver cancer, but the relationship between the development of liver cancer and HBV has not been studied clearly ([@b5-ol-0-0-9669],[@b6-ol-0-0-9669]).

miRNAs are widely expressed in eukaryotic cells and regulate cell proliferation, differentiation and apoptosis, while abnormal changes in miRNA biosynthesis are involved in many pathophysiological processes ([@b7-ol-0-0-9669],[@b8-ol-0-0-9669]). Previous findings have shown that many virus replication and proliferation are closely related to the expression level of miRNA. Wei *et al* reported that HBV protein can downregulate the expression of miR-101 ([@b9-ol-0-0-9669]). Shiu *et al* also found in the study that the expression of hepatitis C virus protein can enhance the expression of miR-345 ([@b10-ol-0-0-9669]). However, the correlation between HBV replication and miR-101 and miR-345, as well as the effects of miR-101 and miR-345 on the growth of hepatoma cells have yet to be fully elucidated.

Therefore, in this study, MHCC97-L and BEL-7404 cells were, respectively, used to replicate the HBV-associated liver cancer model and non-HBV replication liver cancer model, in order to explore the effect of miR-101 and miR-345 on HBV replication and hepatoma cell growth.

Materials and methods
=====================

BEL-7404 (STR is 5 'TTAGGG-3') and MHCC97-L were both purchased from Shanghai Aolu Biotechnology Co., Ltd., Shanghai, China (cat nos. XFS3110, XFS3388, respectively) and proliferated in DEME medium (Shanghai Saily Biotechnology Co., Ltd., Shanghai, China) containing 15% fetal bovine serum. BEL-7404 and MHCC97-L cell culture condrated in DEME medium (Shanghai Saily Biotechnology Co., Ltd.; [www.sailybio.com](www.sailybio.com)) containing 15% fetal bovine serum. BEL-7404 and MHCC97-L cell culture conditions were 37°C constant temperature, pH 6.8--7.4, and 5% CO2. The miR-101 and miR-345 expression vectors were constructed by Shanghai Genepharma Pharmaceutical Co., Ltd. (Shanghai, China), including pSUPER.neo-miR-101 and pSUPER.neo-miR-345. The constructed vector and pSUPER.neo and trypsinized BEL-7404 and MHCC97-L were added into DMEM medium, and replaced every 24 h for two weeks. The eight groups obtained were: BEL-7404 pSUPER.neo-miR-101, BEL-7404 pSUPER.neo-miR-345, BEL-7404 pSUPER.neo-101, BEL-7404 pSUPER.neo-345, MHCC97-L pSUPER.neo-miR-101, MHCC97-L pSUPER.neo-miR-345, MHCC97-L pSUPER.neo-101, and MHCC97-L pSUPER.neo-345 groups. Lipofectamine^®^ 2000 transfection reagent was purchased from Shanghai Hengfei Biotechnology Co., Ltd., Shanghai, China (cat no. 11668019).

The study was approved by the Ethics Committee of Jinan Infectious Disease Hospital (Jinan, China).

### Total cell miRNA extraction by TRIzol reagent

Total RNA was extracted from BEL-7404 and MHCC97-L cells using TRIzol reagent (Shanghai Mingjin Biotech Co., Ltd., Shanghai, China; [www.mjswkj.cn](www.mjswkj.cn)). The procedure was performed according to the protocol. UV spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to analyze the concentration and purity of RNA extracted, and 3% agarose gel electrophoresis was used to analyze RNA integrity.

### miRNA RT-qPCR reaction

Following extraction of total miRNA cDNA synthesis was performed by reverse transcription according to the TaqMan^®^ MicroRNA reverse transcription kit \[Thermo Fisher Scientific (China) Co., Ltd., Beijing, China\]. Reaction conditions for the PCR were: 37°C for 45 min and 95°C for 5 min. The product was frozen at −20°C. A total of 20 µl cDNA was used for the amplification reaction system. Thermocycling conditions were as follows: pre-denaturation at 95°C and the results were analyzed by using the 2^−∆∆Cq^ method ([@b11-ol-0-0-9669]).

Primers used for the study were: miR-101: F: 5′-TACAGTACTGTGATAACTGAA-3′, and R: 5′-CTCAACTGGTGTCGTGGA-3′; miR-345: F: 5′-GTCGTATCCAGTGCAGGGTCCGAGG-3′, and R: 5′-TATGCTGCTCGGGACCTGATCCTCA-3′; and the results were analyzed by using the 2^−∆∆Cq^ method. Primers used for the study were: miR-101: F: 5′-TACAGTACTGTGATAACTGAA-3′, and R: 5′-CTCAACTGGTGTCGTGGA-3′; miR-345: F: 5′-GTCGTATCCAGTGCAGGGTCCGAGG-3′, and R: 5′-TATGCTGCTCGGGACCTGATCCTCA-3′; U6: F: 5′-CGCTTCGGCAGCACATATAC-3′, and R: 5′-TTCACGAATTTGCGTGTCAT-3′.

### qPCR detection of HBV DNA

DNA extraction kit (Guangzhou Jianlun Biotechnology Co., Ltd.) was used to extract HBV DNA in MHCC97-L cells. The qPCR reaction system was amplified with 20 was used as an internal reference. All the samples were repeated in triplicate, and the results were analyzed by using the 2^−∆Cq^ method. The DNA Amplification kit was purchased from Guangzhou Huayun Biotechnology Co., Ltd., Guangzhou, China was used as an internal reference. All the samples were repeated three times, and the results were analyzed by using the 2^−∆∆Cq^ method ([@b11-ol-0-0-9669]). The DNA Amplification kit was purchased from Guangzhou Huayun Biotechnology Co., Ltd.

After 48 h MHCC97-L cells were transfected with Lipofectamine 2000, and the cell culture medium was collected and centrifuged at 3,200 × g for 5 min. The supernatant was taken as the ELISA test sample. The specific steps referred to the instructions of the HbsAg ELISA Test kit (Shanghai Jingkang Bioengineering Co., Ltd., Shanghai, China). Multi-functional microplate reader (Berthold LB943, Bad Wildbad, Germany) was used for readings, and the OD value of each well under the wavelength of 450 nm was measured three times.

### MTT assay for the measurement of BEL-740 cells in vitro proliferation

The BEL-740 cells were prepared into singlearranged cell suspensions. The BEL-740 cells were prepared into single-arranged cell suspensions. The cells were routinely inoculated in 96-well cell culture plates with DEME+10 % FBS (fetal bovine serum). Part of the cultured cells were removed after 6 h, and the cells were added with 20 µl of MTT (5 mg/ml; Shanghai Lianmai Bioengineering Co., Ltd., Shanghai, China) and continued at 37°C. After incubation for 4 h, the supernatant containing impurities was exhausted and added with dimethylsulfoxide (DMSO) solution. After shaking for 15 min on a horizontal shaker, the absorbance at a wavelength of 570 nm was measured by an enzyme-linked immunosorbent assay (ELISA). The above steps were repeated at 12, 24, 48, and 72 h of the experiment, respectively.

### Statistical analysis

SPSS 19.0 (Asia Analytics, formerly SPSS China) was used for statistical analysis. The measurement data were expressed as mean ± standard deviation. The non-parametric Kolmogorov-Smirnov test was used to compare the data that did not fit the normal distribution between the two groups. The t-test was used to compare the data with the normal distribution. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### RT-qPCR results

The results of RT-PCR amplification of miR-101 and miR-345 in BEL-740 and MHCC97-L cells showed that the expression of miR-101 and miR-345 in the BEL-740 pSUPER.neo-miR-101 and BEL-740 pSUPER.neo-miR-345 groups were significantly higher than those in the BEL-740 pSUPER.neo-101 and BEL-740 pSUPER.neo-345 groups (P\<0.05). The expression levels of miR-101 and miR-345 in the MHCC97-L pSUPER.neo-miR-101 and MHCC97-L pSUPER.neo-miR-345 groups were significantly higher than those in the MHCC97-L pSUPER.neo-101 and MHCC97-L pSUPER.neo-345 groups (P\<0.05) ([Figs. 1](#f1-ol-0-0-9669){ref-type="fig"} and [2](#f2-ol-0-0-9669){ref-type="fig"}).

### Results of qPCR detection of HBV DNA

HBV DNA qPCR amplification results showed that HBV DNA expression level in MHCC97-L pSUPER.neo-miR-101 group was significantly lower than that in MHCC97-L pSUPER.neo-101 group (P\<0.05). The HBV DNA level in MHCC97-L pSUPER.neo-miR-345 group was significantly higher than that in MHCC97-L pSUPER.neo-345 group (P\<0.05). The HBV DNA level in MHCC97-L pSUPER.neo-miR-101 group was significantly different from that in MHCC97-L pSUPER.neo-miR-345 group (P\<0.05) ([Fig. 3](#f3-ol-0-0-9669){ref-type="fig"}).

### ELISA detection of HbsAg

The results of HbsAg ELISA showed that the expression level of HbsAg in MHCC97-L pSUPER.neo-miR-101 group was significantly lower than that in MHCC97-L pSUPER.neo-101 group (P\<0.05). The expression of HbsAg in MHCC97-L pSUPER.neo-miR-345 group was significantly higher than that in MHCC97-L pSUPER.neo-345 group (P\<0.05). The expression of HbsAg in MHCC97-L pSUPER.neo-miR-101 group was significantly different from that in MHCC97-L pSUPER.neo-345 group (P\<0.05) ([Fig. 4](#f4-ol-0-0-9669){ref-type="fig"}).

### BEL-7404 cell proliferation in vitro results using MTT assay

The proliferation of BEL-7404 cells in BEL-7404 pSUPER.neo-miR-101 group was significantly lower than that in BEL-7404 pSUPER.neo-101 group (P\<0.05) by MTT assay, and showed a gradual downward trend. The proliferation of BEL-7404 cells in BEL-7404 pSUPER.neo-miR-345 group was significantly higher than that in BEL-7404 pSUPER.neo-345 group (P\<0.05), and showed a gradual upward trend. The proliferation of BEL-7404 cells in BEL-7404 pSUPER.neo-miR-101 group was different from that in BEL-7404 pSUPER.neo-miR-345 group (P\<0.05) ([Fig. 5](#f5-ol-0-0-9669){ref-type="fig"}).

Discussion
==========

HBV is a type of hepadnavirus that has a very high mutation rate; although it can be controlled, it cannot be completely eliminated, and it is one of viruses which is the most difficult to cure under present medical technology ([@b1-ol-0-0-9669]). HBV infection is the main cause of liver cancer. Long-term HBV infection stimulates the body to produce a sustained immune response, causing liver immune damage, progressing into cirrhosis and eventually liver cancer ([@b12-ol-0-0-9669],[@b13-ol-0-0-9669]). HBV DNA can also be integrated into the genome of hepatocytes by reverse transcription reactions, causing mutations in the gene and inducing liver cancer ([@b14-ol-0-0-9669]). Therefore, in this study, the effects of miR-101 and miR-345 on HBV replication and hepatoma cell proliferation were investigated, in order to provide clinical help for the treatment of HBV and HBV-related liver cancer.

In this study, MHCC97-L cells and BEL-7404 cells were respectively used to replicate the HBV-associated liver cancer model and HBV-free liver cancer model, in order to explore the relationship between miR-101, miR-345 and HBV replication and liver cancer cell proliferation.

In this experiment, the expression of miR-101 and miR-345 in MHCC97-L cells were regulated by the construction of pSUPER.neo-miR-101 and pSUPER.neo-miR-345 expression vectors. RT-qPCR results showed that the miR-101 expression in MHCC97-L pSUPER.neo-miR-101 group and the miR-345 expression in MHCC97-L pSUPER.neo-miR-345 groups was higher than that in MHCC97-L pSUPER.neo group (P\<0.05), indicating that the expression vector was successfully constructed, and the vectors successfully regulated the expression level of miR-101 and miR-345 in MHCC97-L cells. We then examined the HBV DNA, and qPCR results showed that the expression of HBV DNA in MHCC97-L pSUPER.neo-miR-101 group was significantly lower than that in MHCC97-L pSUPER.neo group, but MHCC97-L pSUPER.neo-miR-345 group HBV DNA expression was significantly higher than that in MHCC97-L pSUPER.neo group, indicating that upregulation of miR-101 expression can reduce the expression of HBV DNA, thereby inhibiting HBV replication, and upregulation of miR-345 expression can increase the level of HBV DNA expression, thereby promoting HBV replication. The results of ELISA also showed that the expression level of HbsAg in MHCC97-L pSUPER.neo-miR-101 group was lower than that in MHCC97-L pSUPER.neo group, while the expression level of HbsAg in MHCC97-L pSUPER.neo-miR-345 group was higher than that in MHCC97-L pSUPER.neo group. Although there are some studies on the relationship between miR-101 and virus replication, the focus is the effect of virus replication on the expression level of miR-101.

As Sheng *et al* ([@b15-ol-0-0-9669]) reported in their study, HBV can downregulate the expression of miR-101, and promote the proliferation of liver cancer cells through Rab5a. Only Zheng *et al* ([@b16-ol-0-0-9669]) reported that miR-101 inhibits herpes simplex virus-1 replication by targeting ATP5B. This is in line with our findings. We did not examine ATP5B levels, but we speculate that the targeted regulation of miR-101 on ATP5B may also be a mechanism by which miR-101 regulates HBV replication. We hope to discuss this issue in future studies. However, most studies tend to examien hepatitis C virus (HCV) on the relationship between miR-345 and viral replication. No studies have yet been found on the relationship between miR-345 and HBV. Zhang *et al* ([@b17-ol-0-0-9669]) found that miR-345 expression levels in plasma of HCV patients was 2--3-fold higher than normal, which is similar to our result. Therefore, the expression levels of miR-101 and miR-345 are closely related to HBV replication.

This experiment also transfected pSUPER.neo-miR-101 and pSUPER.neo-miR-345 expression vector in BEL-7404 cells. RT-qPCR results showed that miR-101 level in BEL-7404 pSUPER.neo-miR-101 group and miR-345 expression level in BEL-7404 pSUPER.neo-miR-345 group were higher than those in BEL-7404 pSUPER.neo group (P\<0.05); thus, miR-101 and miR-345 expression levels in BEL-7404 cells were successfully regulated. The results of MTT test showed that the proliferation of BEL-7404 cells in BEL-7404 pSUPER.neo-miR-101 group and BEL-7404 pSUPER.neo-miR-345 group was significantly lower than that in BEL-7404 pSUPER.neo group (P\<0.05). The results showed that the upregulation of miR-101 and miR-345 could reduce the proliferation of BEL-7404 cells. Shen *et al* ([@b18-ol-0-0-9669]) showed that miR-101 acts as a tumor suppressor by directly targeting lipoprotein kinase in liver cancer. This is similar to our results, in which the upregulation of miR-101 can inhibit liver cancer cell proliferation. Srivastava *et al* ([@b19-ol-0-0-9669]) also reported that the downregulation of miR-345 expression level is conducive to pancreatic cancer cell apoptosis. Thus, the expression levels of miR-101 and miR-345 are closely related to the proliferation of hepatoma cells.

Du *et al* ([@b20-ol-0-0-9669]) showed that HBV replication levels were closely related to HBV-related hepatoma cell proliferation; reducing the level of HBV replication can reduce the proliferation of liver cancer cells. Therefore, through the transfection assay on MHCC97-L cell and BEL-7404 cells, we can speculate that upregulating the expression of miR-101 or downregulating the expression of miR-345 can reduce the HBV replication, and thus further reduce the level of liver cancer cells, which has a positive meaning on the treatment of HBV-related liver cancer. However, we do not know whether miR-101 and miR-345 have the same effect on human, thus we need to obtain further data in the clinic to verify our results.

In summary, miR-101 can reduce the level of HBV replication and inhibit the proliferation of hepatoma cells. In addition, miR-345 can upregulate the level of HBV replication and promote the proliferation of liver cancer cells.
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